The Chocó-Tumbesian region of western Ecuador is one of the 25 global biodiversity hotspots harbouring high numbers of endemic species, which are heavily threatened by habitat loss and fragmentation. Moreover, ongoing climate change in the tropics drives species uphill as lowerlying areas are becoming constantly drier. Such upslope movement can pose major challenges for less mobile species, such as understorey birds which are confined to mature forests and unable to cross habitat gaps. Consequently, these species are threatened by a combination of upslope range shifts and forest fragmentation. In our study, we investigated population numbers and habitat requirements of the Ecuadorian Tapaculo Scytalopus robbinsi, which is endemic to the premontane cloud forests of south-western Ecuador. Comparing the microhabitat structure within territories with control sites revealed that Ecuadorian Tapaculos prefer old secondary forests. Moreover, connectivity between forest fragments was the strongest predictor of the presence of territories within them. We estimated the mean upslope shift of the distribution range as 100 m per decade and developed a model of habitat availability for the revised range. Extrapolating the number of territories from the study area to the distributional range of the Ecuadorian Tapaculo showed that the global population size is smaller than previously assumed. Our results suggest that the Ecuadorian Tapaculo is strongly affected by forest loss and degradation. Therefore, to prevent a continuing decline in population numbers or even extinction, conservation measures focusing on restoring connectivity between fragments and increasing habitat quality and quantity for the remaining populations need to be prioritised.
Introduction
The pre-montane cloud forests in the Tumbes-Chocó-Magdalena region of western Ecuador and Colombia are considered a global biodiversity hotspot (Myers et al. 2000) , where extraordinarily high numbers of endemic species are facing a severe loss of habitat. While only about 25% of the original extent of primary vegetation remains, the region harbours highly diverse and partly endemic plant and animal communities (Myers et al. 2000) . Annual deforestation rates of 1.43% are driving many of the hotspot's endemic species to the brink of extinction (Brooks et al. 2002) .
The environmental distress that species in the Tumbes-Chocó-Magdalena area are facing can deteriorate further due to climate change. Human-induced warming of the atmosphere is altering the level of cloud formation, causing an upslope shift of the cloud bank (Still et al. 1999 , Foster 2001 . Thus, the increasingly dry conditions in the lower-lying cloud forests result in an upward range shift of tropical montane plant and animal communities (Pounds et al. 1999 , Foster 2001 , LaVal 2004 , Parmesan 2006 , Feeley et al. 2011 , Freeman and Freeman 2014 , MoruetaHolme et al. 2016 . This shift does not only generate a loss of original habitat, but can even cause the extinction of species confined to mountain tops (Rull and Vegas-Vilarrúbia 2006 , Raxworthy et al. 2008 , Nogué et al. 2009 ). Moreover, drier and hotter conditions in the lower areas can form dispersal barriers for some species and, as a consequence, disrupt linkages between populations. Reduced connectivity between populations diminishes their genetic diversity (Epps et al. 2005 , Coulon et al. 2006 , Segelbacher et al. 2010 ) and thus restricts a species' potential to adapt to changing environmental conditions (Keller and Waller 2002, Beissinger et al. 2008) . The rising cloud bank, the loss of habitat and the reduction in connectivity between populations can act synergistically as drivers of an extinction vortex for cloud forest species (Fagan and Holmes 2006, Brook et al. 2008) . A model revealed that approximately one third of the Tumbes-Chocó-Magdalena endemics will become extinct if an additional 1,000 km 2 of habitat is lost, which ranks the region among the biodiversity hotspots most prone to species loss in the short term (Brooks et al. 2002) .
Within the tropical avifauna, endemic insectivorous birds are especially threatened by extinction (Duncan and Blackburn 2004, Sodhi et al. 2004) . One example for such a species is the Ecuadorian Tapaculo, also known as El Oro Tapaculo Scytalopus robbinsi, Rhinocryptidae. It was first described by Krabbe and Schulenberg (1997) as an understorey bird confined to wet forests in south-western Ecuador. So far, little is known about the Ecuadorian Tapaculo's population size, habitat requirements or distribution range. It is assumed that the species, being forest dependent and reluctant to cross open areas (Krabbe and Schulenberg 1997) , is vulnerable to the degradation, fragmentation and loss of its habitat, which is why the species is classified as 'Endangered' by IUCN.
Being endemic to the Tumbes-Chocó-Magdalena hotspot, the Ecuadorian Tapaculo is affected by the deforestation and the upshift in the cloud bank that are characteristic for the region. It is probable that the above-mentioned environmental pressures have strong effects on the population size and the extent of the distribution of the species. Due to ongoing deforestation, the size of the population is thought to decrease rapidly (Birdlife International 2016) . Drier conditions in its habitat due to an rising cloud base have potentially negative impacts on the species, as it favours the most humid areas (Krabbe and Schulenberg 1997) . The similarly endangered El Oro Parakeet Pyrrhura orcesi, which occupies the same range as the Ecuadorian Tapaculo, has shifted its altitudinal range upwards at a rate of about 200 m per 30 years (Klauke et al. 2016 ). Thus, it is possible that the Ecuadorian Tapaculo is currently undergoing a similar altitudinal shift.
In this study, we aimed to assess the effects of habitat fragmentation caused by deforestation and the rising cloud bank on the distribution range of the Ecuadorian Tapaculo, on its population size and on the availability of habitat for the species. At a small scale, we evaluated the habitat preferences of the Ecuadorian Tapaculo by comparing microhabitat structure, i.e. fine-scale features of the habitat within territories with control plots. Specifically, we tested the hypothesis that the Ecuadorian Tapaculo is heavily threatened by habitat degradation. Accordingly, on a medium scale, we expect the species to be restricted to mature forests or older secondary stands. Alternatively, the species is more tolerant towards habitat degradation and therefore less threatened than assumed by BirdLife International. In this case, we expect to find their territories also in young successional forests.
On a large scale, we assessed the macrohabitat structure in the southern part of the distribution range of the Ecuadorian Tapaculo in terms of the configuration of the remaining forest patches in a landscape context. Specifically, we quantified the area, shape and connectivity of forests, as these are key drivers of the abundance of fragmentation-sensitive species (Noss and Harris 1986) . The analyses allowed us to assess species-specific habitat requirements, i.e. to define the preferences of Ecuadorian Tapaculos for a certain microhabitat and macrohabitat structure. Moreover, we evaluated whether the remaining forests provide suitable habitat for Ecuadorian Tapaculos by meeting their specific habitat requirements. To make the first estimate of the global population size based upon field data, we developed a patch occupancy model. During an intensive survey in south-western Ecuador, we determined the number of territories and their density and extrapolated these values to the model area and to the global range.
Methods

Study species and study site
The Ecuadorian Tapaculo is a globally threatened species listed as 'Endangered' by IUCN. It is endemic to the western slopes of the Andes in south-western Ecuador (Figure 1) . The Ecuadorian Tapaculo was described as occurring in a range of 1,200 km 2 at elevations between 700 m and 1,250 m, preferring the most humid areas in the undergrowth of wet forests (BirdLife International 2016). There is evidence that the range of the species stretches about 55 km farther to the north than previously assumed: In February 2015, a territory of the Ecuadorian Tapaculo was found in northern Cañar province (N. K. Krabbe and F. Sornoza, personal communication) .
Tapaculos in general are poor flyers and move around mainly by hopping, walking or short distance flights (Reid et al. 2004, Castellón and Sieving 2006) . Ongoing loss and fragmentation of habitat are presumed to pose a major threat to the remaining populations. The global population of the Ecuadorian Tapaculo is unknown. BirdLife International (2016) estimated the population size between 2,500 and 9,999 mature individuals, based on the potential extent of occurrence of the Ecuadorian Tapaculo and on a previous estimate of the population size of an unrelated species with a similar range (A. Symes pers. comm.). In view of rapid habitat loss, the global population of the Ecuadorian Tapaculo is feared to be decreasing at an alarming pace (BirdLife International 2016) .
The species' distribution range is characterised by a mosaic of patchily distributed forest fragments, which are mostly smaller than 100 ha (Robbins and Ridgely 1990, Freile and Santander 2005) . From 2005 to 2010, the deforestation rate in Ecuador was 1.89 %, which is the highest rate in South America (FAO 2010) . The main causes for the conversion of remaining forests are the intensification of agriculture and forest clearance for livestock (BirdLife International 2016) . Already 20 years ago natural vegetation persisted only on steep slopes unsuitable for cattle pastures or agriculture (Best and Kessler 1995) . There is only one protected site within the Ecuadorian Tapaculo's distribution range, the private Buenaventura Reserve (S3,655°, W79,744°), owned by the Ecuadorian NGO Fundación Jocotoco. The prevailing vegetation types within the reserve are secondary forests which are separated by areas of abandoned pasture.
Territory identification
Field work was carried out between December 2013 and May 2014, between October 2014 and January 2015 and between September and November 2015 in 190 km 2 of the southern part of the Ecuadorian Tapaculo's distribution range, with the Buenaventura Reserve as core area ( Figure 2) . We searched in forests in elevations between 600 m and 1,700 m for territories of Ecuadorian Tapaculos. In order to survey the greatest possible area within a forest fragment, we established transects parallel to the valley, with a distance of 50-100 m between transects. Territories were located using tape recordings of the song of male Ecuadorian Tapaculos. The recordings were played every 50 m with an 8 W portable playback speaker (Funbox, Intenso, Germany) . Tapaculos are known to show year-round strong territorial responses to potential intruders by responding with territorial singing or closely approaching the playback (Sieving et al. 1996 , De Santo et al. 2002 . We estimated the distance in which we would hear an individual answering to our playback to be 60 m. After 2 min of playback, we waited for 5 min for any reaction (i.e. singing or approaching to the playback), and repeated this cycle three times in total. To make sure that we did not miss an individual which might have been less responsive at a given time, each transect was revisited at least three times during the field season, with intervals of at least one week. For each located territory, we marked coordinates and elevation with a GPS (Oregon 550, Garmin Ltd., USA) for subsequent assessment of microhabitat structure and patch occupancy analyses. Figure 1 . Distribution range of the Ecuadorian Tapaculo. The species occurs in premontane cloud forests and was found only in an elevation between 850 m and 1,500 m (indicated by the black line). Field work was carried out in our study area in the southern part of the distribution range, with the Buenaventura Reserve in the south being the only well-protected site within the area. The satellite images cover about one-third of the distribution range. Figure 2 . Detailed map of the study area. Forest fragments in the Ecuadorian Tapaculo's elevational range were mapped from satellite images of the area. Fragments where we analyzed microhabitat structure are depicted in black, while forests that were not analyzed are shown in grey. White dots roughly indicate the locations of the territories of Ecuadorian Tapaculos. The Buenaventura Reserve is indicated by the bolt white line. 
Analysis of microhabitat structure at a small scale
In order to investigate the habitat requirements of the Ecuadorian Tapaculo, we assessed microhabitat characteristics of 28 territories and 36 control plots in the Buenaventura Reserve. Using Quantum GIS 2.0, control plots were generated as random points in forested areas above 700 m within the reserve, at places where Ecuadorian Tapaculos were not observed. Moreover, we recorded the microhabitat structure in 44 territories and 73 randomly selected control plots in forest fragments outside the Buenaventura Reserve ( Figure 2 ). On one hand, this enabled us to assess whether the microhabitat preferences found inside the Buenaventura Reserve apply also to a much larger area. On the other hand, it allowed us to later evaluate habitat suitability in fragments where we did not detect territories. Depending on fragment size, we analysed between one and 18 plots per fragment. Minimum distance between fragments was 10 m. The exact territory size of the Ecuadorian Tapaculo is unknown. Observing the movements of four territorial birds and measuring the area in which we obtained their territorial response yielded a territory size of 0.1 ha to 0.5 ha (see also Klemann Jr. and Vieira 2013). We therefore used a conservative estimated value of ∼ 0.1 ha (simplified as a square with side length of 33 x 33 m) as standard territory size. For each territory, we analysed five randomly selected subplots measuring 5 x 5 m. To characterise the microhabitat structure, we chose 11 habitat parameters (see Table 1 and online supplementary material for parameter descriptions) that are commonly used to describe the structure of tropical forests in different successional stages (e.g. Montgomery and Chazdon 2001 , DeWalt et al. 2003 , Faria et al. 2009 ), or are of special importance for other species of tapaculos (De Santo et al. 2002 , Reid et al. 2004 , Amico et al. 2008 . These parameters were assessed within each subplot. To obtain one value per plot for each variable, we calculated the arithmetic mean for the five subplots.
Evaluation of habitat requirements and habitat suitability at a medium scale
To evaluate the Ecuadorian Tapaculo's habitat requirements, we compared the microhabitat structure of the 36 control plots and 28 territories that were analysed in 21 forest fragments in the Buenaventura Reserve. Microhabitat variables differed in their numerical range (e.g. 3-47° in "inclination" compared to 10-50 m in "tree height") and were z-standardised before the analysis. To limit the number of variables, we conducted a principal component analysis (PCA) with the standardised mean values and used the first four principal components (PCs) for a logistic regression model. In the model, we entered the presence or absence of a territory in a plot as the dependent variable and the PCs describing the habitat characteristics as independent variables. To assess differences in microhabitat structure between territories and control plots, we carried out Mann-Whitney U-tests with the PCs which in the logistic model yielded the largest effects on whether a fragment was occupied by a territory.
To assess the habitat quality in a larger area outside of the Buenaventura Reserve, we carried out a linear discriminant analysis (LDA) for 44 territories and 73 control plots in a total of 64 forest fragments in the study area ( Figure 2) . The two variables "Tree Basal Area" and "Vegetation density in 50-100 cm" had to be excluded from the analysis, as they were strongly correlated with other variables (r > 0.8, P < 0.001). We then performed a leave-one-out cross-validation of the LDA to reassess group membership. The cross-validation provided a posterior value for the probability of a given plot to be classified as a territory. This value was used as a proxy for the plot's quality as habitat for the Ecuadorian Tapaculo in the following estimation of the population size. Moreover, the LDA allowed us to identify suitable habitat in areas that were not occupied by territories.
Analysis of land cover and connectivity on a medium scale
Landscape heterogeneity influences the abundance and population viability of fragmentationsensitive species (Noss and Harris 1986). As explained above, the Ecuadorian Tapaculo's distributional range is characterised by a variety of small, disconnected forest fragments separated by large areas of agricultural plantations or cattle pastures. To quantify the amount of remaining forest patches, we applied remote sensing and geographic information system (GIS) analyses. Geo-referenced satellite images (RapidEye, Blackbridge, Germany) of the southern part of the Ecuadorian Tapaculo's distributional range taken between 2010 and 2013 with a resolution of 5 m were used as a template to manually create a map of forested habitats ≥ 0.1 ha in ArcMap 10.2 ( Figure 2) . The satellite images covered about 345 km 2 of the southern end of the Ecuadorian Tapaculo's known total range ( Figure 1) . As the Ecuadorian Tapaculo is restricted to forests, we did not distinguish between other land cover types such as pastures or shrubby habitat and classified them for simplicity as a matrix of unsuitable habitat. To assess the amount and shape of the forest fragments in a landscape context, we quantified the following landscape metrics of the fragments: patch size, fragment compactness, and connectivity. We calculated the index of fragment compactness as forest area divided by perimeter to account for a different complexity of fragments and different extents of core vs. edge-affected areas (e.g., a fragment with a rounded shape will give a higher compactness index than a fragment which splits up into several long, thin tree rows reaching into open habitat). The connectivity of a fragment was measured as the distance to the nearest forested patch with a compactness index higher than the minimum compactness we found for the Ecuadorian Tapaculo and with an area ≥ 5 ha, what we assumed to be large enough to hold a source population for emigration (see Castellón and Sieving 2006) .
Patch occupancy model and population extrapolation on a large scale
Using the map of forested habitats created from satellite images and the coordinates of the territories located in the study area, we determined the minimum size, compactness and connectivity of fragments that are suitable for Ecuadorian Tapaculos in ArcMap 10.2. To estimate the total number and density of territories, we first determined the total area that was searched in the fragments by multiplying the length of the transects by 120 m width (60 m on each side of the transect). Then we evaluated territory density within this area. Using this value, we extrapolated the number of territories in areas which were not covered by playback, but suitable according to their landscape metrics. With the help of altitudinal contour lines, the forest fragments in the area covered by satellite images were assigned to elevation zones.
Based on the minimum values for compactness, area and connectivity that were evaluated earlier, we assessed the habitat suitability of a given fragment for Ecuadorian Tapaculos. We then determined the number of territories within a fragment as the area not covered by playback divided by the average territory density. The resulting value gives an estimate for territory numbers based on landscape metrics. To additionally account for density differences as a consequence of variation in habitat quality, we multiplied the extrapolated territory numbers in a given fragment with its value for habitat quality derived from the LDA cross-validation. However, we could not assess habitat quality over the entire species' range. To obtain a sound estimate even though habitat quality was unknown for parts of the range, we extrapolated territory numbers in two steps to the distributional range: First, we developed three different models assuming low, medium or high habitat quality in the fragments we did not visit in the area covered by our satellite images (Figure 1 ). In the medium quality model, we multiplied territory numbers by the mean posterior value for habitat quality in all fragments, as obtained from the LDA. For the low habitat quality model, we multiplied territory numbers by the mean posterior value minus its standard deviation; for the high-quality model, territory numbers were multiplied by the mean posterior value plus one standard deviation. As we did not have satellite images for the northern part of the distribution range, we based the second step of the extrapolation only on the geographical area of the distribution range, assuming a similar distribution of forest fragments. We inferred the global population size by projecting the minimum, medium and maximum quality models to the entire range.
In a subsequent analysis, we assessed which factors influenced the suitability of a fragment as habitat for the Ecuadorian Tapaculo. To this aim, we created a logistic regression model, with the presence or absence of a territory as dependent variable and forest size, compactness, connectivity and habitat suitability as well as the two-way interactions between them as independent variables.
Results
Territory density
In contrast to the previously known altitudinal distribution (700-1,250 m), Ecuadorian Tapaculos occurred only between 870 m and 1,460 m, with a mean of 1,170 m ± 130 m (Figure 3) . Based on these indications, we determined the Ecuadorian Tapaculo's distribution range to extend over an area of about 1,100 km 2 in the provinces of El Oro, Azuay and Cañar, in an altitudinal band between 850 m and 1,500 m ( Figure 1) .
Overall, we discovered 113 Ecuadorian Tapaculo territories in our study area ( Figure 2 indicates territory locations). A total area of 835 ha in forests between 850 and 1,500 m was covered by playback. The smallest fragment with a territory had a size of 2.29 ha (mean 28.52 ha, max 1,856.99 ha) whereas mean density was one territory per 7.39 ha of forest. The minimum compactness index for a fragment occupied by a territory was 37.03 (mean 95.59, max 174.94), and the maximum distance between an occupied fragment and the nearest fragment larger than 5 ha was 245 m (mean 81.79 m, min 10 m).
Microhabitat structure on a small scale
The first four PCs of the PCA accounted for 72.10 % of the total variance in the 11 microhabitat variables ( Table 1) . Original variables with loadings above a threshold of 0.375 were assigned to the respective PC. PC 1 described the vegetation density in the undergrowth (0-150 cm), whereas PC 2 mainly characterised tree features (tree height and diameter in breast height) and terrain inclination. PC 3 represented once again tree characteristics (tree basal area and diameter at breast height) as well as vegetation density in 0-50 cm. PC 4 described the number of trees and crown density.
Habitat requirements and habitat suitability on a medium scale
The logistic regression model of microhabitat structure revealed that PC 2 (P < 0.001) and PC 4 (P = 0.001), representing number, height and diameter of trees, crown density and terrain inclination, were the strongest predictors of the presence of a territory. Territories had lower values for PC 2 than control plots (Mann-Whitney U-test: -0.702 vs. 0.546, W = 754, P < 0.001), indicating that Ecuadorian Tapaculos prefer microhabitats with large trees, big trunks and a strong inclination. Moreover, territories were characterized by lower values for PC 4 (Mann-Whitney U-test: -0.459 vs. 0.357, W = 756, P < 0.001). This means that territories have more trees than control areas, but a lower density in the crown layer.
The LDA produced similar results. Territories of Ecuadorian Tapaculos and control plots differed in their microhabitat structure (Wilks' Lambda = 0.60, P < 0.0001). We defined 0.04 as the threshold for variable coefficients that strongly contributed to identify territories. Territories were characterised by the number and height of trees and by the presence of streams, while the presence of coarse woody debris (e.g. fallen trees or large branches) described control plots ( Table 2) . Cross-validating the LDA correctly classified 80.34 % of the plots (75.61 % of territories and 82.89 % of the control plots) to their original group. In the cross-validation of the LDA, the mean probability for a plot to be classified as a territory was 0.34 ± 0.25.
The logistic regression of landscape metrics and habitat quality revealed that the connectivity between fragments determined the suitability of a fragment as Tapaculo habitat (P = 0.028), followed by the interaction between connectivity and habitat quality (P = 0.034) and the interaction between connectivity and fragment compactness (P = 0.044).
Patch occupancy model and population extrapolation on a large scale
The model for medium habitat quality produced 505 territories, equivalent to 1,010 mature individuals for the area covered by the satellite photos. Respectively, the low habitat quality model In a second step, we extrapolated territory numbers to the global range. The medium habitat quality model amounted to 1,610 territories (3,220 mature individuals), while the low habitat quality model yielded 947 territories (1,894 mature individuals) and the high habitat quality model 2,299 territories (4,598 mature individuals).
Discussion
In this study, we modelled the population size and territory characteristics of a threatened understorey bird, the Ecuadorian Tapaculo. In a detailed survey carried out in an area of 190 km 2 in the southern part of the distribution range, we discovered a total of 113 territories. Extrapolating habitat quality and territory numbers to the global range revealed that the population size is lower than the previous estimate, which was based upon the geographical range only (Birdlife International 2016). Moreover, we found that the species occurs at higher elevations than thus far known. Within the distributional range of the Ecuadorian Tapaculo, there are almost no primary forests remaining. Ecuadorian Tapaculos prefer mature secondary forests over younger secondary forests. Connectivity between forest fragments is the strongest determinant of whether Ecuadorian Tapaculos occupy a fragment.
Habitat requirements
Forests in the Tumbes-Chocó-Magdalena hotspot are suffering from extensive logging and habitat degradation. Throughout south-western Ecuador, up to 95% of the original primary forest had been cut already 25 years ago (Gentry 1992) , with only small fragments in different successional stages remaining. Analysing the microhabitat structure in the distribution range of the Ecuadorian Tapaculo allowed us to determine the successional stage of a forest fragment. Forests in the Buenaventura Reserve vary mainly in vegetation density in the understorey, tree height and diameter, canopy density, tree basal area, the number of trees and terrain inclination. The first five of these parameters are structural characteristics used to assess the stage of forest succession. In old-growth or old secondary stands, the vegetation density in the understorey layer is low, whereas younger forests are characterised by a higher density in this layer (DeWalt et al. 2003 , Faria et al. 2009 ). Likewise, the highest basal area as well as very large trees can only be found in older stands (Guariguata and Ostertag 2001 , Montgomery and Chazdon 2001 , De Avila et al. 2015 . Older forests have a lower canopy density, with frequent gaps in the canopy layer (Guariguata and Ostertag 2001) . The number of trees however is not clearly related to forest age (DeWalt et al. 2003) . In the southern part of the distributional range of the Ecuadorian Tapaculo, we did not detect any primary forest. The remaining forest fragments show different gradations of succession.
Comparing the forest structure in territories of Ecuadorian Tapaculos with control plots showed that individuals preferably settled in microhabitats with tall trees having large trunks and a low density of the vegetation in the canopy, which are strong indicators of old-growth or forests in later successional stages. As old forests in this area mainly persist on steep slopes unsuitable for conversion into cattle pastures (Best and Kessler 1995) , the apparent preference of the Ecuadorian Tapaculo for strong inclination might be attributable to the unavailability of mature forests in flatter areas. We conclude that the Ecuadorian Tapaculo is restricted to old-growth forests and old secondary stands and is avoiding forests in young successional stages. These findings were additionally confirmed by the linear discriminant analysis, which yielded similar parameters to separate territories and control plots along the discriminant axis over a large spatial area. Thus, the species is indeed heavily threatened by habitat degradation.
Several other closely related species do not show clear preferences for high-quality habitat. Contradictory to our findings, Cuervo et al. (2005) did not detect an effect of tree height or terrain inclination on the presence of Scytalopus stilesi in Colombia. S. latrans, which is widespread throughout the Tumbes-Chocó-Magdalena hotspot, also occurs in heavily disturbed forest fragments . Similarly, the recently discovered S. griseicollis gilesi and S. rodriguezi from Colombia as well as S. diamantinensis from Brazil are able to occupy secondary stands at early successional stages , Bornschein et al. 2007 , Donegan and Avendaño 2008 . The Ecuadorian Tapaculo seems to be less tolerant towards habitat degradation than other species of the same genus. It is also conceivable that habitat degradation throughout the distribution range of the Ecuadorian Tapaculo is greater than in the ranges of the abovementioned species.
Ecuadorian Tapaculos established territories in forests of a late successional stage and avoided younger stands. The species' preference for older secondary forests might be a consequence of the overall poor state of the forests in the distribution range. Assessing habitat quality throughout our study area revealed a mean quality of 0.34 in the study area. This value indicates that only a third of the available forest fragments are suitable for Ecuadorian Tapaculos, suggesting that most forests in the study area are young secondary stands or forests where large old trees were selectively cut. Moreover, we only detected one territory per 7 ha, while the minimum size of a territory was about 0.1 ha. Even though this value might underestimate the actual territory size, the high proportion of habitat which was unoccupied by Ecuadorian Tapaculos indicate its unsuitability for territory establishment. The overall quality of the forest fragments might be so low that the Ecuadorian Tapaculos are confined to the parts providing the highest habitat quality. The fact that habitat quality was partly assessed in the protected Buenaventura Reserve, where the proportion of forests in older successional stages is high, may represent a bias, as the fragments in the remaining range probably have lower habitat quality. Nevertheless, since we detected the biggest population of Ecuadorian Tapaculos in a forest about 5 km south of the Buenaventura Reserve, the quality in some fragments outside of the reserve is sufficiently high for territory establishment. However, low habitat quality likely presents a limiting factor for the species.
Ecuadorian Tapaculos are dispersal-limited. A logistic regression model revealed that the distance to the nearest large forest patch is the strongest predictor of the presence of Ecuadorian Tapaculos in a fragment. On average, fragments holding territories were separated by clearings of 82 m, with the maximum distance being 245 m. The most isolated fragment holding a territory, which was separated by 245 m of open habitat from the nearest forest, was at the same time the smallest occupied fragment with an area of about 2 ha. However, only fragments larger than 5 ha are believed to hold a sufficient number of territories for a self-sustaining population of Tapaculos (Castellón and Sieving 2006) . Consequently, we consider it likely that the individual that established its territory in this particular fragment had immigrated from the nearest larger fragment, which involved crossing 245 m of non-forested habitat. A study on Chucao Tapaculos Scelorchilus rubecola discovered that they crossed gaps of up to 120 m width (Castellón and Sieving 2006) .
For the Ecuadorian Tapaculo, exact dispersal data are lacking so far. Deducing from our observational data, we assume 245 m to be the largest distance an Ecuadorian Tapaculo is able to disperse through clearings.
Range size and population estimates
Until now, a relatively precise estimate of the population size of the Ecuadorian Tapaculo has been lacking, but the population was suspected to be decreasing rapidly (BirdLife International 2016) . Even in the only protected area in its distribution, the Buenaventura Reserve, the species declined, particularly at lower elevations (HMS, pers. obs.). Hence, one aim of our study was to estimate global population size by extrapolating the number of territories located in the study area to the entire range.
In the course of this study, we gained two important new insights into the extent of the species' distribution range. First, the Ecuadorian Tapaculo seems to have undergone a 100 m upslope range shift at the lower boundary and a 250 m shift in the upper boundary within the last 25 years. In 1990, the species was discovered at elevations between 700 and 1,250 m (Krabbe and Schulenberg 1997) . Now, we recorded territories only above 870 m, but as high as 1,460 m, which we round here to 850 to 1,500 m. We did not detect any territory between 700 and 870 m, despite the fact that in large parts of the Buenaventura Reserve, the zones below 870 m are covered by dense forests that appear suitable habitat for Ecuadorian Tapaculos. As such, the potential upslope shift in the lower species boundary is not due to the lack of forest and presumably not an artefact of specific conditions at this site. On the contrary, as the study area contained several different valley systems which yielded similar results, the conclusions drawn from our study can be generalised over a larger area. Although detailed climate data about the region are lacking, forests in the lower parts specifically in the Buenaventura area are reportedly becoming drier (Klauke et al. 2016) . This suggests that the potential range shift might be attributable to an altitudinal shift in the cloud bank and therefore humidity, together with a temperature increase. Upslope range shifts as a consequence of climate change have already been observed in other tropical bird species (Freeman and Freeman 2014, Lenoir and Svenning 2014) , including the endemic El Oro Parakeet Pyrrhura orcesi, which occupies a similar range as the Ecuadorian Tapaculo (Klauke et al. 2016) . It is already known that arid valleys represent distribution boundaries for Andean forest birds, including other Tapaculo species (Krabbe 2008) . We therefore consider it likely that the Ecuadorian Tapaculo is shifting its range uphill in order to avoid increasingly dry conditions in the lowerlying areas.
The detection of a territory of an Ecuadorian Tapaculo in the northern Cañar province in February 2015 represents another new finding regarding the distribution range (N. K. Krabbe and F. Sornoza, pers. comm .; see also http://www.xeno-canto.org/241054). Until now, it was assumed that the species would only occur in an area of 1,200 km 2 in the cloud forests in El Oro and Azuay provinces (BirdLife International 2016), so the new record implies a range expansion of about 55 km to the north. Importantly however, we show that even this 55-km expansion of the known range does not extend the earlier estimate of distribution size. The observed upslope shift of the range results in a strong decrease in the net area that was not compensated for by the extension towards the north. Based on these findings, we revised the distribution range of the Ecuadorian Tapaculo, with the species occurring at elevations between 850 and 1,500 m, to an area of 1,100 km 2 in El Oro, Azuay, Guayas and Cañar provinces of south-western Ecuador (Figure 1) .
The population extrapolation yielded a likely global population size between 1,900 and 4,600 mature individuals. Territory density was highest between about 1,000 and 1,300 m (Figure 3) . For the population extrapolation, we used a conservative estimate of one territory per 7.39 ha, which was derived over the whole elevation range. It is likely that the actual territory density is higher between 1,000 and 1,300 m, while it is lower in the zones above and below this band. Given the specific habitat requirements of the Ecuadorian Tapaculo, we accounted for varying habitat quality when calculating the population size.
Our results show that the population size of the Ecuadorian Tapaculo is smaller than previously assumed, indicating that the effects of the loss and degradation of its habitat are even more severe than feared. BirdLife International estimates place the Ecuadorian Tapaculo in the band of 2,500 to 9,999 mature individuals and classifies it as 'Endangered' based on population and range size criteria. The species' conservation status was evaluated for the first time in 2007 (BirdLife International 2016); however, in 2003, the species was described as uncommon, but not threatened (Krabbe and Schulenberg 2003) . Given our lower, but more precise estimate compared to the one from BirdLife International, it is likely that the decrease in population size in the last decades is more severe than hitherto known. Perhaps most alarmingly, even assuming a high-quality habitat, population numbers are less than half of the previous estimate. In addition, we highlight that the upslope range shift that the species has undergone in the past 25 years and which is accompanied by a reduction in range size, may continue in the future. Continuing deforestation and habitat degradation may reduce the amount of forested habitat and connectivity between fragments further, which will reduce gene flow and the sizes of the remaining populations of this endangered species and other associated biodiversity in the Tumbes-Chocó-Magdalena biodiversity hotspot.
Implications for conservation
The Ecuadorian Tapaculo is exposed to two major threats: fragmentation and degradation of its habitat, and an upslope range shift. Both threats are inevitably contributing to disrupt connectivity between populations, which can lead to lower migration rates and genetic impoverishment of the species. To ensure the persistence of the Ecuadorian Tapaculo in a rapidly changing environment, conservation actions have to be undertaken to mitigate the above-mentioned negative effects. Our study revealed that the connectivity between fragments, habitat quality and fragment compactness are major predictors of a forest's suitability as habitat for the Ecuadorian Tapaculo. Hence, improvements in these parameters should be the priority target when planning sciencebased conservation measures to increase habitat availability for the Ecuadorian Tapaculo and facilitate dispersal between populations.
The establishment of forested corridors is a reliable method of enabling dispersal of less mobile species (Sieving et al. 2000 , Castellón and Sieving 2006 , Lees and Peres 2008 . As Ecuadorian Tapaculos are potentially able to cross up to 245 m of open habitat, we assume this to be the maximum distance between forest fragments that still provides connectivity for the species. However, the majority of fragments containing territories were only separated by gaps of up to 80 m. Consequently, we recommend creating dispersal corridors between remote fragments with the priority aim of reducing the amount of open habitat between them to a maximum of 245 m and, secondary, to a maximum of 80 m. Considering the high level of fragmentation in the range of the Ecuadorian Tapaculo (Figure 2) , the creation of fully forested corridors may not be possible due to money, time, and energy constraints. However, even shrubby vegetation in the matrix (Castellón and Sieving 2006) , small forest patches that serve as stepping stones (Uezu et al. 2008) , or narrow corridors of about 25 m width (Sieving et al. 2000) already enhance the movement of understorey birds and may facilitate dispersal between disconnected populations of the Ecuadorian Tapaculo.
Apart from re-establishing connectivity between fragments, improving forest quality and quantity is crucial for the persistence of Ecuadorian Tapaculos. The species is unable to endure in low-quality habitat and requires compact forests that are not subject to extensive edge-effects. Owing to the dramatic deforestation rates in south-western Ecuador, forest patches are mainly composed of young secondary stands that are unsuitable as habitat for the species. Hence, it is crucial to initiate conservation measures focusing on improving forest quality and protecting older forests within the distribution range. Studies conducted in Costa Rica and Panama revealed that secondary forests recover within a few decades (Aide et al. 2000 , DeWalt et al. 2003 . Even abandoned cattle pastures have the ability to regain characteristics of primary forests (Aide et al. 1995 (Aide et al. , 2000 . Habitat management can further accelerate the recovery process. Depending on the level of degradation, reforesting native trees facilitates the reestablishment of the original forest ecosystem (Holl et al. 2000 , Lamb et al. 2005 .
